ABSTRACT Lungs from seven cases of diffuse pleural fibrosis with known asbestos exposure were studied to determine the gross and microscopic pathological features and relate these to the analysed mineral fibre content of the lung. All seven individuals had had substantial exposure, ranging from two to 25 years, and chronic chest problems and at necropsy all cases met the criteria for compensatable disease. Macroscopically, all had extensive visceral pleural fibrosis and extensive areas of adhesions, and four also had discrete parietal pleural plaques. The histological features were similar in all the cases-most strikingly the basket weave pattern of the thickened pleura and a dense subpleural parenchymal interstitial fibrosis with fine honeycombing, extending up to 1 cm into the underlying lung. The similar histological appearances raise the possibility that diffuse pleural fibrosis and pleural plaques have a similar pathogenesis. Amphibole asbestos (crocidolite and amosite) counts were high in six of the seven cases and chrysotile counts in four; four cases had high mullite counts, but the importance of this is not known. It is concluded that diffuse pleural fibrosis is a specific asbestos associated entity, of uncertain pathogenesis, with mineral fibre counts falling between those found with plaques and those in minimal asbestosis.
Introduction
Diffuse pleural fibrosis is a well recognised component of asbestos induced parenchymal disease,' but only more recently has it become accepted as a specific entity in its own right.2 Some clinicoradiological reports have appeared, but the underlying pathological changes remain poorly documented and no mineralogical data are at present available. In this paper we describe the gross and microscopic features of the condition and discuss the relationship with the analysed pulmonary mineral fibre content.
Methods
Lungs were examined from necropsies performed from 1979 to 1986 on seven cases of known asbestos exposure. They were drawn from about 1200 asbestos related necropsies. Clinical and occupational histories lungs from the thoracic cavity at necropsy. In several places, however, the visceral pleura although thickened was smooth with no adhesion to the chest wall.
In four cases discrete typical parietal pleural plaques were identified in addition to diffuse pleural fibrosis. No effusions, empyema, or tumour were seen in the pleural space at necropsy. Macroscopic assessment of lung parenchymal fibrosis was made difficult by the presence of lung cancer in three cases and severe pneumonia in three cases.
Microscopic findings All the cases showed similar histological features. The most striking feature was the basket weave pattern of fibrosis, with preservation of the external elastic laminae and submesothelial fat in many areas of diffuse fibrosis (figs 2 and 3). In other areas there was adhesion of the visceral and parietal layers with obliteration of the pleural space, elastic laminae, and submesothelial fat. Little fibrinous exudate was seen on the pleural surface and no cellular fibroblastic proliferation or organisation was present. In addition, no mesothelial hyperplasia (or neoplasia) was identified. In all cases there was dense subpleural parenchymal interstitial fibrosis and fine honeycombing, but this did not extend more than 1 cm into the underlying lung (fig 2) . The degree of pulmonary interstitial fibrosis ranged from 1 to 3 (table 2). There was extensive pleural calcification in case 4, but in the others it was inconspicuous. Table 3 shows the asbestos fibre counts by light and electron microscopy. The amphibole (crocidolite and amosite) counts in six cases were high, ranging from [2] [3] [4] to 28 x 106/g dried lung. In case 6, however, the amphibole count was relatively low and within our normal range (less than 106/g dried lung).
MINERALOGY

Discussion
Diffuse pleural fibrosis was considered to be an unusual manifestation of asbestos exposure, but These borderline lesions suggest that there may be a continuum between plaque and diffuse pleural fibrosis. Microscopically there are several similarities, including the typical basket weave fibrous structure, focal lymphocytic collections, and scant cellular fibroblastic activity. In diffuse pleural fibrosis, however, there is fusion of the two pleural layers with obliteration of the submesothelial elastic tissue and much of the fatty connective tissue, suggesting that a severe inflammatory reaction has occurred. A notable feature in all these cases of diffuse pleural fibrosis is a thin subpleural honeycombing (interstitial fibrosis) without appreciable diffuse parenchymal disease. This change may be explained by pleural drift of the mineral fibres.'2 In none of these cases was evidence of asbestosis detected clinically or radiologically. The degree of pleural fibrosis appeared disproportionate to the parenchymal fibrosis. The cases presented here are clearly related to occupational exposure to asbestos. It is also apparent that they are associated with both a higher total asbestos count than non-occupationally exposed individuals and a different fibre distribution. In our laboratory non-exposed individuals have light microscopic counts below 20000/g dried lung and cases with pleural plaques 10 000-50 000/g dried lung1 3; Asbestos induced diffuse pleuralfibrosis: pathology and mineralogy these cases of diffuse pleural fibrosis clearly exceed this and reach the numbers observed in minimal to slight asbestosis. This is paralleled by the '6 and that it may be a sequel to benign recurrent pleural effusion associated with asbestos.'2 15 One third of the cases of McLoud et al'0 were associated with previous effusions. In the present series only two out of seven had a history of such effusions, but silent episodes could have occurred in the other cases. The fibrosis is considered by some to result from direct inflammatory damage to the mesothelium with subsequent effusion and healing.'5 The presence of adhesions and obliteration of the external elastic laminae supports this contention but it does not shed any light on whether it is due to recurrent acute episodes or chronic progressive change. The similarity of the histological appearances of diffuse pleural fibrosis and of plaques raises the possibility that the fibrosis is not simply an organised inflammatory exudate but may have a pathogenesis similar to that of plaque formation. The exact mechanism of this is obscure but, in contrast to the pleurisy, direct mesothelial damage is considered not to occur. 1 17 The subpleural fibrosis noted in these cases indicates that local parenchymal damage had occurred, which may be explained by the pleural drift of fibres. The substantial pleural reaction may be related to the physical nature of the mineral fibres, but individual susceptibility cannot be excluded. Immunological abnormalities have been described in individuals exposed to asbestos. '8 -20 Hillerdal20 found that patients with a persistently raised erythrocyte sedimentation rate had radiological evidence of pleurisy or its sequelae, whereas the rate was normal in patients with plaques. He concluded that immunological factors played a part in the pathogenesis of the pleurisy.
In conclusion, diffuse pleural fibrosis is a specific asbestos associated entity. The mineral fibre counts fall between the counts found with plaque formation and with minimal asbestosis. The pathogenesis is uncertain and further work on immunological function and the physical characteristics of the mineral fibres present is required to explain the evolution of this particular reaction.
